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Effect of Reducing Metals on Preparation of Niobium
Nitride Powder from Niobium Chloride (V)

Toshiyuki MORI, Tsutomu [KEDA, Hisanori TSUDA,
Takeaki IIDA and Takashi MITAMURA

(Department of Applied Chemistry, Faculty of Engineering, Saitama University
255, Shimo-Ohkubo, Urawa-shi 338

A NbN powder has been prepared from NbCly and a stoichiometric amount of a reducing metal
at the temperature ranging 200°C to 1100°C in a nitrogen stream (150-200 ml/min) . The
influences of Al, Zn and Mg metals on nitridation of NbCl; were examined. In the
NbCl;-Al-N, system, NbN was formed above 500°C. After heating the powder mixture at
1100°C for 1 h, the N/Nb ratio in the product was 0.88. The ratio was slightly higher than the
theoretical value. On the other hand, in the NbCl;-Zn-N, system, formation of NbZn, alloy
was observed from 400°C to 500°C, and NbN was formed above 700°C. After heating the powder
mixture at 900°C for 1 h, the N/Nb ratio in the product was 0. 63, but the N/Nb ratio decreased
above 900°C. In the NbCl;-Mg-N, system, NbN was formed above 500°C, and MgO formed
from oxygen, which was present in trace amounts, was removed by washing the product with
1N HCI solution. The particle size of NbN powder ranged from 0.1 to 0.3 gm. After heating the
powder mixture at 1100°C for 1 h, the N/Nb ratio in the product was (0. 91. When heated at
1100°C for 4 h, the N/Nb ratio in the product was 0. 94, which was the highest value among the
three reducing agents. The above results indicated that Mg was the most effective reducing
agent, [Received February 14, 1985]

Key-words : Preparation, NbN powder, NbCl;, Halogenide process, Reducing agent,
NbCls-Al-N, system, NbCl;-Zn-N, system, NbCl;-Mg-N, system
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Fig.1. Phase diagram for niobium-nitrogen system.
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Fig.2. Free energy change of formation for NbN from
NbCl; in the presence of metals.

(a) Nb+1/2 N,—NbN, (b) NbCl;+5/2 Zn+1/2 N,—
NbN+5/2 ZnCl,, (c) NbCl;+5/3 Al4+1/2 N,—NbN +
5/3 AICl;, (d) NbCl;+5/2Mg+1/2 N,—NbN +5/2
MgCl,

1300K DR EEHH c& B (Al, Zn RO Mg) #iE
T ® NbCl; 7> 5D NbDN OB RIGIZ DN T DEEHEE
HIANF—2( (AG")™W %4, Zhickdd&,
FThORLRISIEEFEWICHEITL, BXH 3 Mg vk
LAXL, WOTAL ZnDIEERD ENBSh 5.

2. EBRAZE

A RHIHTHRD NbCls (M (L2 ApFErrEL, 99.9%)
LETEEWNAR (BRSEEN TEM AL 25 v 76,
99.9% Zn @ WEFEE, 99.8% Mg © ¥yRerE, 99% LI E)
ZRV, WINHLRER 200 2 v YalFIcE5s%2, +
DICEBRENABBRLULUu—-T Ry 7 ANTRAL, H
BB E L FREAH I 2 IR U ERIERICREW,
ENIEIE NBCL T Al=3 15, NbCly: Zn=2:5, NbCl,
Mg=2:5&UL1. BosrLr7a—T7Ky 7 ANT
HFEFHK0.5g 2 RIGA— b (S, 10X13X65 mm,
EX1mm) iZWAELFETALI. Mg aHWLAEEIZ
RIGHEUL Wz, REYISREL SV ES ISR EH T
TR BD S 12 (S, 10X65X 1 mm, RO 3 mmg,
2R @B L s, ChaBHGESKGE (R
£ 30mmeg, £X450mm) WITETA L, SREBIZ
BHi L2, RICROHER R ORBEE N 2 DB % X6
BORL IR, RISKOBIEYOBRED OICEE TS
RAARFBSE . BEFZ2OBHIE, BBEEHAOE
MALERE (160°Cicin#h), ERMAOEL ALY o L&
RUEEAT 4 bEEZHD, FAFEIE 150~200 ml/min
EU7. ZORETCHMEREOESE (4 7 VEIEH
MBREIRIF, NZ 35 mmg, 74 300 mm) % B8 X +,
IRIGZBME U 1. PTERSRIERRE, BLXFERL T S,
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RICE#ZEBE CKTREHELUTRIGERT LY. RIG
BORBERBRIA - N EEBYE O & OB U TRIGH
BOBEEENI HROIZ. ERETHOSNIZERDITOV
TIIR X AR et (R EHEE DS B XREIHTHEE)
EARAERVER, BTFERROERTROAE, E
HRETHEMSE (BEEYWERR EMX-SM) Ik 2KH
BEA{T- 7. XEEITIC & 58)E T, NbCl-Al-N,
%, NbCl,-Zn-N, %, K O NbCl;-Mg-N, %044
OEE, WOCRKKBTFEH, EHFEROBIEICIE S (M
E99.9%) #HL, WINLNIPEERICLVITH .
A% U 72 NbN Ot 8 F#21% Sherrer X2 %V TE
B L7, NDN OZ{LRIZHEXBON (BFEEKEOD
DS BB N X BOERE) kv Nb B2, (LESIC
roaEphoEREL kD, h% N/NbE LTk
oHtz. Nb o B13, FIIEBROAE QNHCLIZE 58
BOBAKEL, TVI—-NVTERLUE) 2HLLERD
50mg #KV LH L, BEHDIFICANDS. IhzBE
KRR, 1000°C, 20 min B{t x4, (1+1)H,SO, 9ml,
HF 3ml % 0 x iR inBA R U 72 $52&¥% 7k © 100 ml
EL, MAXBOT Nb Z2EE LY. 1, BREE,
Az AEOEXTERRBEE CHERT VYY) o
U, BELLTvyE=T7 %2578 (HBO, FfEsZT
B R KBRICRNS ¢, BESHLEY. B8
D0.12g #KV LD U, 55 U 300°C TGS
LTHWiz NaOH (FOEMZE TR, RiR) 48 AR
Flo Si0, (LTS, FR) 1.2g L& bii=y
%o FHR T 400°C, 1hn#u fz. £k L7z NH, %
KELRFHT1.0% HBO, KAMKICEE L TN S 72,
FEREITIE A F Ly FRIEMZE TR, ) 2 AV,
0.25 N H,SO, THE L 7.

3. EREBERRUER

3.1 NDNHMEDESHICRIZT Al, Zn DER

IhET, BEYERICIBITEBE LT AIMEY
HAushTunt., oEMIZ, BIERDOEBILTIVI=
w4 (M) (UTFAICL &5 5) BHENER (182.7°C)
TREFTHLDILEBRY L bBBIREINDIHTH

RSV EE=AT (V) »HORIE=4TDE
RICEEL, FiICBRXEBE LT Zn 2T, NbC
BEZ2EBTVE. FITAPIRIKBLTLES, Al
Zn #HWT NDNyRO G zHAA~B & L. B
312 NbCl;-Al-N, %, 1h RISDOERY % X AR EHraER
TEBUIERART. 300°C ©1d NbCl,, NbCl, RO
Nb pSFEER 3 h, 400°C TidBH THME L »# 5 B-Nb,N
(N/Nb=0.5) »RERxh, 500°C TRIZELLERDOF
LR TcdH D 6-NbN (N/Nb=(.88~0.91) & §-NbN
(N/Nb=0.95) »4L, BEOLRIZHEWV & HOE
KT BEI S 3HEAL. B4 1213 NbCL-Zn-N, 7, 1
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Fig.3. Change in relative intensity of X-ray diffrac-
tion lines for the products obtained by heating the
powder mixture of NbCl; and Al (3 : 5, molar ratio) in
N, stream.
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Fig.4. Change in relative intensity of X-ray diffrac-

tion lines for the products obtained by heating the

powder mixture of NbCl; and Zn (2 : 5, molar ratio) in

N, stream.

Holding time : 1h

h RSO RISERD % X AR EBR CER LU AR 2R
¥. Zn BT T, Al BITEE 300°C <1k NbCl, &
NbCl, R x N1z b DD, 500°C KU 600°C T3k
witmicH - T Nb-Zn 584 (F i< NbZn,) AR
LU, 600°C TIRFDIEFEAETRIHESEE L.

NbN D4 ik 14 600°C & 0 BAGA L, 900°C T X #R[E1¥rig
ENBLAKEL<LZ->THEY, 900°C Ll EORIGTIRE(L
MOAERIIIE S hsERESR sz, RIZ, Bohr:
ERYOBICREFANAERETR Y. BRI XAREIT
HEIT LD NDN oI b ET 5 & Bbh 2RISR
ECcHE~I. NbCL-Al-N, ACcERI 3 » 66 » 5 &
A2 1100°C [T Ic BT NDN MZB LS ER LTV S
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Table1. N/Nb ratio of NbN,
Holdi Reacti .
System ti?nel(?\g) teer?':;ae}(r):ture('c ) N/Nb ratio
NbClg-Al - N, 1 1100 0.88
NbCis~ Zn-N, 1 900 0.63
ZE»H1100°C TOBELEEKRD 2. F 12, NbCl,-

Zn-N, ZTIEK 4 TH H N 5B & 512 900°C {32 A5 NbN
HERICELTVWAEBbha &6, CORBIZBET
HEEZ KD, HRERIVIORT. h&V, BT
EBELVLTAlZHWEADS Zn VWA L0 I35
KBRSV E890 5. EXdBE LTAIZHL
12354 N/Nb H=0.88 15, XBEIFRBOEE, [
FEXNTERYD 6-NbN 5 N/Nb {=0.95T& % =
Lo, HBNEWEEEREZF TS NN KOS
AEETHH NP1z, BIIRISKEE%Z4h & LT
LI HEE TEEKIZIN/NbH=0.87 812, F
7z, Zn 2RO T284 O N/Nb K, 1100°C <1 N/Nb
H=0.63, 1000°C ¢ & N/Nb i, =0.50, 1100°C T i&
N/Nb H=0.48 &2 V) RIGIRED ERICEWVETL 72,
COMEREIEXBROFOERE D B L Tz, BICRIG
%2 4h &L TH N/Nb H=0.62 & 75 0 (L IEHEST
Uishrotz, —H, Ny FZAORDDIZAr F2%HELT
IniIZkBABUERIGOAH Z{Tb®12E 25, X#RIETIC
LFAHEBDOHER, FU < 1000°C s o Nb o4 4
LENEHEONE L, CoZ s ay v{kiEs
HWizgaiZii, 1000°C L ELosR T Zn OBTH
WD IREBExNTELROFENNDN 285845 2 &
BEHLUWERDLNS.

3.2 NbN¥ERDEMICKITT Mg DEE

B 5 iz NbCl;-Mg-N, 3, 1h RIEDERY % X #50]
B TEBLULERZTRT. 2000C RU300°C iz b
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Fig.6. Change in relative intensity of X-ray diffrac-

tion lines for the products obtained by heating the
powder mixture of NbCly and Mg (2 : 5, molar ratio) in
N, stream.

Reaction temperature : 900°C

T Mg OXBEIITIC L 2 EEESEOVEBR, KIG
HIOBETIEHEEBET, dFoEEEoL< L
NbCl, WERRIEDE EH-> TV 5B T & H Mg s
HMEPETLUIZLDOER DN S, NN 04413 500°C
IKBWTHER XN, 6-NbN (N/Nb=0.95) THs &
Bohot, BEBELT Mg ZRHVWIEAIZIIEE
WWRU T AL Zn OBE SRS, EHEELY (NbC,
NbCl,) % Nb-Mg &&BudmER s hish -1, Zhid,
HuH & e U 7z Zr0, D Mg BITIC & % Bk ZiN
DERPICLROSNB LHIZ, MgDBET 2mHTKRE
BRITNDIzOIZ, SHICEEIPEITURBRETHS &
Bbnsb., 800°C L1 6-NbN (N/Nb=0.88~0.91) &
XHBEHTE— 27 BB, Zhid 900°C © §-NbN L vk
ERE—-IBELL>TWVIZ. 900°C TD §-NDN 0 &
s RS 1000°C KU 1100°C @ £ 0 SR O RIG T
Fwvond, &NDN L EILEOHN

X-ray intensity(1/1sj) arbitrary unit

n . . 1]

o}
6-NbN OB L Tz, 900°C

KHFAHID 6 HE & HOBOBG%
B»o5HEHMT, 900°CIKsT 5
NbCl;-Mg-N, RO REFREIC & 558
AT RIFRFRTE, 5 min, 15 min,
30 mim, 45 mim, 60 mim, 90 mim,
120 mim, 240 mim, % ¢ 360 min T 5.
ZOHRER 6 IR, ZORDH5»

5 E312, 900°C T & ORIz PR

0:§-NbN O:5-NbN 4:Mg ®:NbClg 0:3-Nb,N

©:MgO
Fig. 5.

NbCl; and Mg (2 : 5, molar ratio) in N, stream,
Holding time : 1h

100 200 300 400 500 600 700 800 900
Reaction temperature (°C)

Change in relative intensity of X-ray diffraction lines
for the products obtained by heating the powder mixture of

000 100 ) o DL SN THY, Zo
BRI LhichP O TR LHEZEIC
Bhs. Uh LRI OEINCHED,
SHIERFBIZHBALULTWEHU & HOD
ERMBELUL B >TOVLBEFPIREBIN
5. IR LT, ZhZET900°CHt
HTEELVTHAELLZE VI BE X E WD
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Fig. 7. Relationship between N/Nb ratio and reaction
temperature,
Holding time : 1h

tza, 900°C Ll EoEiE T, 1hl EoERBKIG T
RELCHFHELE T HOERNPBETHHDEEDN
B, COKIHIICETERBELT Mg EHWLBAICIE
RIGEED LRIV S HOE LU WERKRIES A 5h
. O SHERKSBERIIEDEIDILEERS X,
BARIIZ1100°C TEDRERBDOENERABL LN TE
EOWEFNIERAR T ISR, BBOMIERY &
HROE UBIERY TH S MgO 2lrE L RICIT-
to. EMEBRHSEB T 5 500°C L0 EBIZK SR
VIR £ I {Eas#EIT U 1100°C ¢ 13 N/Nb=0.91 12/ -
fr. COEMRIBTEBE UTAIR Zn 21235
SGitHUTEBbEWEE S 12, 12, RICKR % 4h
EFAHEEIIEICHTL, N/NbEH=0.94 0I5 ]
EfEICEL. LA LZOHER,» 5138 D 900°C
DOFELWVERIE, EFRPOBILERICKESHEEEZG5AT
WA EIFEBRE.

3.3 RISBFEDLLH

EBHl EHOWTERZS AF®ET, NbCly 25D NbN
BADEROBDRIBIEA#E U RE, DTk
SiIcEswonsd. T3 NbClL-AL-N, ZCIERD &>
BBETRICPETT 20 E-RbNn 5.

200°~400°C :
3NbCl,(s) +8/3 Al(s) — NbCl,(s) +NbCl,(s)
+Nb(s)+8/3 AlCl,(g) (1)
500°C {43 :
Nb(s)— Nb*(s) (Nb*: yEitt/c Nb) (2)
2Nb*(s)+1/2N,(g) — 8-Nb,N(s) (3)

600°C LIt :

2 Nb*(s)+N,(g) — &-NbN(s)+¢’-NbN(s) (4)

B-Nb,N(s)+1/2N,(g) — &-NbN(s)

+6’-NbN(s) (5)

ZoT (s) EAER%E, (8) BREEZRT.
O &I, Al R TUEHHEBMEERIC SO TEEIEEY
NDOFREENIGEZ > T NBCL BT I N TV X,
600°C Ll L kv NbN 4k d A6 EpHO L ET T,

T. MORI etal. 22

F 17, 1100°C, 1h KISTOEBY D RErF 12 N/Nb H
=0.88 TH 7. iz NbCl-Zn-N, Z L TD &S
RIS ET T 5 EBbh 5.

200°~300°C :
2NbCl,(s)+3/2Zn(s) — NbCl,(s)+NbCl,(s)
+3/2ZnCl,(s) (6)
NbCl,(s)+4Zn(s) — NbZn,(s)
+2 ZnCl,(1) (7)
NbCl,(s)+7/2Zn(s) — NbZn,(s)
+3/2ZnCl,(1) (8)
(ZnCl, DFts : 275°C)
700°C Bl E :

NbCl,(s)+2Zn(s) — Nb*(s)+2ZnCl,(g) (9)
2 Nb*(s)+N,(g) = 6-NbN(s)
+ 6’-NbN(s) (10)

(ZnCl, D@k : 732°C)

o, (1) 3kikERY.

Zn 3EEMHEM T IX Al S RE, EHELEH~DFRY
tx4 U5, Ftz, ZnCl, DBELIT T, 488%4
LWz, NbN i3 700°C DLE X VAR LN, Zn D
BOEEBRTEHEA L, 900°C, 1hRIGIKBEWVT
N/Nb l=0.63 720, I EE{LpyHEE L -T2,

B#%1- NbCl-Mg-N, Z T RIGHEEIZUTO L I
nAaEEbhb.

200°~400°C :

NbCli(s)+5/2 Mg(s) — Nb*(s)

+5/2 MgCl,(s) (11)

600°C LI | :

NbCl,(s)+5/2Mg(s) — Nb*(s)

+5/2 MgCl,(s) (11)
2 Nb*(s)+N,(g) — &-NbN(s)

+ 6’-NbN(s) (12)

Mg (3BT ARV 20, Rgbas iz B8LRIGEE%

“NbN ©

5}

z
o2
z
~ !
Lo

30 40 30 40 30 40
20 (deg)Cuka 20(deg)Cuka  20( deg) CuKm
Fig.8. X-ray diffraction patterns of the products.
(a) NbCl;: Al (3:5, molar ratio)
(b) NbCls:Zn (2 :5, -molar ratio)
(c) NbCls: Mg (2 :5, molar ratio)
Reaction temperature ; 1100°C, Holding time :1h
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()

Scanning electron micrographs of the products (1100°C, 1h ).

(a) NbCl4-Al-N, system, (b) NbCl;-Zn-N, system, (c) NbCl,-Mg-N, system

X HEEMNDHBH. 200°~400°C ¢ MgCl, »5 X & mlHr
MicEHEA ATz 0HEE I, MgCl, 0ERENSEN®
THHEEZSH. BIERYD MgO 134 % ¥eigE
5 EICED, FIFERIBRETE . 1100°C, 1h
RISIZBOWTERDOE(LEILN/Nb (=091 &)
ESWEZERUTZ.

3.4 RIEEEPOXF+Z72)E—-Y 3>

X8 (a), (b), (c) ITix# h#h NbCL;-Al-N, R,
NbCls-Zn-N, %, NbCl,-Mg-N, ZRiz>u0n 7, 1100°C,
1h KIS %7V, BonicERYO X &R RO %R
F. ZORTIZoMEE S HONAPERNTWS., 17,
9(a), (b), (¢) IKEZnFn Al, Zn, Mg #HW
T 1100°C, 1h RISZTVL, BonicERMITO>NTOD
EFBEMEFHEMESEZRT. 2120 Mg xR 38

Table 2. Lattice constant and crystallite size of §-
NbN.
Nitridation |Lattice constant | Crystallite sizﬂ
System Temp Time N .
(°C) (h) a(A) (A) (200)
NbCls-Mg-Nj 800 1 4376 129 -
NbCls-Zn-N4| 1000 1 £4.383 211
NbClg-Al-N,| 1000 1 4.404 105
Table 3. Lattice constant and crystallite size of §’-
NbN.
Nitridation | Lattice constant |Crystallite
system Temp. Time 2 o size (A)(002)
("c) (h) a(A) c(A) N
NbCls-Mg-N2 1000 1 2.974 5547 229
NbCls-Zn-N; 1000 1 2.969 5555 278
NbCls-Al~ N3 1000 1 2956 5547 138

B U0 AWE. KEIXAIRITBNTH 2
pum, Zn, Mg RiIZBN T3 0.2~0.3um THY, Al %
FEEMEIROLED TH B, Al, Zn, Mg Zmd 1000°C,
1 h RIGOEBY DA T EH L A& T % 6-NbN & 67
NbNizo\WTEEdhbDEENENR2, RIIIR
F. &NbN itH> W\ Tid Mg B3 900°CicbnTHE
UWAEBHMES sz, 900°CIZB T AEEZRLT
»5.

4. #% B

KA TIE, EFFTAFET, BExdE (Al Zn,
RO Mg) %HL, 200°~1100°C 0 & E &b < NbCl,
60 NDN KD ER 2R A, BELEBOTE LT~
. 1Th RIGOEBRYMDOEILE L Mg Zrmd &<
N/Nb H,=0.91, kT Al % ® N/Nb H=0.88, Zn %
D N/Nb H=0.63DMETH- 1. £, KKz
4h &35 Mg RigHIcE b2, N/NbH=0.94
Exot, —H, ahRIETH, Al ZTOZELE R
N/Nb H.=0.87, Zn Z D% hid N/Nb H,=0.62 T&
VIZIF1ILRIGOEEED S 5otz 1, EBPD
K13, AlLZDE 2 um, Zn, Mg RICHNTIL0.2~
0.3um TH-71. fLs5Y1x Mg, Zn, AlZHOT
ZINDESBAERABTHDEH Zn ¢l ZtIN OS5 IE T &
¥, Mg CudtRirrBEsn<, AlBEMTCHHEL
TWa., AHROERIIH LS DHERERZLY, 3ED
BrdBakEdsL, Mg 2HWHEAIIRLEWNE
tRE2HTH5HHFKD NDN # 5K T %, Zn ZCIEHM
MEIIBONBEY, BUERMBELS Lo, ALRTRE
fERIEEVA Mg RT3 RiE s, FhEEMHOROK
FEanslEmBEorbnn, BxgBE LTI Mg
WHEMWTHAEWDP ST,
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